Background: It is known that rheumatoid symptoms improve in pregnancy and in patients who develop infective jaundice. The mechanism of amelioration might involve the direct interaction of free endosomal self-epitopes that are released by the cells of the involved organ with antigen binding sites on the membranes of anti-idiotypic cells, resulting in possible suppressive effects. Methods: Immune responses of peripheral blood mononuclear cells (PBMCs) to longstanding synovial fluid (SFMC or primary ultrafiltrate) and to the endosomal extracts enriched with self-epitope-receptor microcomplexes (MICs) were investigated. The MICs (secondary ultrafiltrate) were prepared from PBMCs that were previously cultured with SFMC ultrafiltrates and had therefore been in contact with large number of self-epitopes.
Background
Rheumatoid arthritis (RA) symptoms are known to improve in pregnant women. A recent report found that almost half of pregnant RA patients experienced symptom improvement during pregnancy, especially during the third trimester, and more than one-third had a flare-up of the disease after delivery [1] . Improvement of RA symptoms in patients with hepatocellular jaundice was described for the first time toward the end of the nineteenth century. In a clinical trial in 1945, investigators attempted to inoculate volunteer arthritic patients with icterogenic serum to induce jaundice. Ten of 32 patients who developed jaundice went into remission for a short time, and 15 reported temporary improvement. The mean duration of improvement was 42 days [2] . The hypothesis that we present here is that hepatitis and pregnancy are two conditions in RA patients in which the undefined pathogenic epitopes of the basic systemic disease are released from endosomal compartments of the cells of the involved organ.
Endosomal autoantigens that are taken up and transported by macrophages and dendritic cells are spread to all lymphoid organs and synovial membranes. There, they induce the expansion of the regulatory T cell (TREG cell) population, thereby exerting suppressive action [3] [4] [5] and contributing to the amelioration of RA.
The mechanism of RA amelioration might involve the direct interaction of self-epitopes that are not associated with class II major histocompatibility complex molecules, with the antigen-binding sites on the membranes of anti-idiotypic cells.
The same mechanism may have been iatrogenically triggered when rifamycin SV, an antibiotic with marked cytolytic properties, was injected in joints. The good therapeutic response in patients with arthritides [6, 7] , confirmed in a recent retrospective work [8] , was due to the expulsion of endosomal bioactive peptides from synovial membrane cells.
Taken together, these data suggest a mechanism of endogenous, antigen-specific, autonomic immunotherapy that persists at least for the duration of epitope leakage.
We tested this hypothesis in an experimental in vitro model, in which the suppressive activity of the ultrafiltrate of longstanding synovial fluid (SFMC or primary ultrafiltrate), containing a large amount of self-epitopes, on rheumatoid peripheral blood mononuclear cells (PBMCs) in culture was measured as an increase in TREG cell expression. In addition, the ability of ultrafiltrates that had been enriched in pathogenetic epitopes (secondary ultrafiltrate or SFMC-PBMC) to change the immune response of mononuclear cells in culture was investigated. The secondary ultrafiltrate was prepared from PBMCs that were previously cultured with SFMC ultrafiltrate and had therefore been in contact with large number of self-epitopes.
Methods
The in vitro model with which we studied the immune response of rheumatoid CD4 T cells to the different ultrafiltrates is shown in Fig. 1 .
In step n.1, the effects of SFMC ultrafiltrate (longstanding synovial fluid) on the expression of CD69 + and CTLA-4 by mononuclear cells in culture were tested.
In step n.2, the effects of the two secondary ultrafiltrates, SFMC-PBMC ultrafiltrate and medium-PBMC ultrafiltrate, on the expression of the same cell markers were compared.
Ultrafiltrates
Our strategy to extract and identify the pathogenic epitopes was linked to the notion that in a systemic disease such as RA, the arthritogenic epitope would be present in all antigen-presenting cells (APCs), including circulating cells, as well as in synovial cells.
The endosomal epitopes released following the inflammatory lysis of synoviocytes accumulate freely, along with many other unknown peptides in synovial fluid.
Preparation of primary ultrafiltrate from PBMCs
PBMCs were thawed or harvested, centrifuged at 350×g for 10 min, washed three times with phosphate-buffered saline (PBS), and resuspended at 1-5×10 6 cells per ml in Dulbecco's PBS (DPBS; Carlo Erba, C Dasit group, Milan, Italy). The cells were subjected to three freeze-thaw cycles from -80°C to room temperature and were centrifuged at 1,500×g for 10 minutes. Ultrafiltrates were prepared by passage through Millipore filtration devices with a 10,000 Da molecular weight cut-off (Millipore, Bedford, MA, USA) and stored at -20°C until required.
Preparation of primary ultrafiltrate from synovial fluid (SFMC)
The synovial fluid samples were centrifuged at 400xg for 15 minutes; the supernatant was then ultrafiltered as above and stored at -20°C until use.
Preparation of secondary ultrafiltrates
Two types of secondary ultrafiltrate were prepared: from PBMCs cultured with SFMC, in which the cells remain in contact with large number of self-epitopes (SFMC-PBMC ultrafiltrate), and from PBMCs cultured with ultrafiltrates derived from PBMCs grown in culture medium (medium-PBMC ultrafiltrate). In the case of SFMC ultrafiltrates, a micro-BCA protein assay (Pierce) was performed to determine the protein concentrations (see below).
The PBMC ultrafiltrates were adjusted to 10% human AB serum prior to addition to the cell cultures. The ultrafiltrate from a normal donor was not toxic to normal PBMCs. The toxicity was assayed in cell culture in which the effects of increasing volumes of SFMC were evaluated by the percentage of CD69 expression (%CD69/CD3). Therefore, the maximum feasible amount of ultrafiltrate (0.1 mg protein/200 μl) was used.
Cells
The cells used for cultures were obtained from a pool of approximately 50 ml of whole blood, drawn from 6 patients with active rheumatoid disease. PBMCs were purified on a Ficoll Hypaque gradient using standard techniques. The cells were frozen in aliquots of 5-10x10 6 cells per ml and stored in a cryogen tank until use.
Synovial fluid
The synovial fluid samples from 9 RA patients were stored at -20°C until use and then thawed and pooled in the laboratory for in vitro assays.
Media
The medium consisted of RPMI 1640 supplemented with 10% heat-inactivated human AB serum (Gemini Scientific, 100 U/ml penicillin, 100 μg streptomycin and 1 mM glutamine).
Cell stimulation
PBMCs were cultured in duplicate for 48 hours with medium alone, with 5 μg/ml plastic bound anti-CD3 and 2 μg/ml soluble anti-CD28, or with 10 μg/ml peptide, consisting of tetanus toxoid (QYIKANSKFIGITEO) or hsp60 (GEALSTLVVNKIRGT). Ultrafiltrate was then added to one set of cultures.
Immunostaining
Immunostaining was used to measure 1) TNFα production by T cells and macrophages; 2) CD69 as an indicator of cell proliferation; and 3) CTLA-4 expression by CD4+ cells, and more specifically by CD4+/CD25+ cells. CTLA-4+ transmits signals that inhibit T cell activation. As an inhibitor of T cell function, it is not expressed by resting T cells. The number of circulating TREG cells in RA patients has been the subject of numerous studies, however, the results have been extremely discordant because of differences in the classification criteria for these cells, as reported by a recent systematic review [9] . However, CTLA-4, CD25 and FOXP3 continue to be widely used as molecular markers of activated TREG cells that play an essential role in immune regulation and T cellmediated suppression.
Statistical analysis
Nonspecific staining, as determined with the isotype controls, was subtracted (as a percentage) from the positive responses. Differences between matched, untreated PBMCs and samples treated with ultrafiltrate were analyzed by Wilcoxon's paired rank test.
Results
The effects of synovial fluid ultrafiltrate on PBMCs in culture
The addition of SFMC ultrafiltrate to rheumatoid PBMC cultures elicited significant expansion (p=0.05, +70%) of TREG cells (%CTLA-4/CD4+CD25+) (Fig. 2) , while in cultures from normal subjects, the percentage of CTLA-4 decreased by 34%. These results strongly suggested that the primary ultrafiltrate exerted an immune regulatory action on PBMCs in culture. The suppressive action was supported by the results concerning the expression of CD69 (%CD69/CD4+DC25+) by the same cell population, which was significantly decreased (p=0.04, -72%).
The addition of the ultrafiltrate never elicited a proinflammatory response (TNFα, CD11c).
The effects of secondary ultrafiltrates on PBMCs in culture
In the experimental plan outlined in Fig. 1 , step 2, PBMCs harvested from the same 6 rheumatoid patients receiving the same treatments (media alone, CD3 and CD28 antibodies or hsp60 peptide) were all cultured with corresponding secondary ultrafiltrate derived from stimulated PBMCs in media (-) or in SFMC filtrate (+). After 48 hours, the cells were harvested and immunostained.
No statistically significant differences were observed between the medium-PBMC ultrafiltrate (200 μl) and the SFMC-PBMC ultrafiltrate (100 μg/well (200 μl).
In all cases, there was an increase in both CD69 and CTLA-4, but the highest values were reached by the former. In particular, CD69 expression was increased by 5% and 13.1% in CD4+ cells and CD4+CD25+ cells, respectively, with the addition of secondary media/PBMC ultrafiltrate, while increases of 33% and 47% were observed with the addition of SFMC-PBMC ultrafiltrate (Fig. 3) .
The notable expansion in the expression of CD69 in the latter cultures suggested the hypothesis that a subset of cells, different from those stimulated by longstanding synovial fluid, had been triggered by a specific bioactive peptide that was contained exclusively in the SFMC-PBMC ultrafiltrate.
Discussion
The local enrichment of natural TREG cells in the uterine decidua and the secretion of cytokines that activate immune mechanisms that protect the fetus from rejection by the maternal immune system are not involved in the modification of the underlying RA. This is because they have specificity for the paternal fetal antigen [10] . Therefore, the amelioration of clinical RA symptoms in pregnancy is not an additional or collateral effect of the immunoregulatory response that prevents rejection of a genetically distinct fetus [11] [12] [13] , but rather it is a specific, independent immune response. According to our hypothesis, one of the many unknown antigens contained in the endosomal compartment that is released following the lysis of the proliferating mononuclear cells in the areas where the fetal-derived trophoblast cells penetrate the uterine tissue mediates the effects of pregnancy via its ability to activate an immune-suppressive response.
Similarly, TREG cells specific to a pancreatic islet autoantigen offered protection against type 1 diabetes [14] .
The number of self-epitopes released from the maternal-fetal interface increases with the increase in decidua surface and consequently also enhances the global immune-suppressive response. This mechanism could help to explain the increase in improvements that occur during the third trimester of pregnancy.
The results of our study on immune response in RA patients support the hypothesis that endogenous bioactive peptides may play clinically significant roles both in pathophysiological and in pathological conditions.
The immune-suppressive response of PBMCs in culture to the addition of rheumatoid primary ultrafiltrate indicates the involvement of a specific antigen that triggers cells (in subjects) that have the basic immunological memory of pathogenic antigens. The expansion of TREG cells is even more meaningful when considering that mononuclear cells were stimulated with anti-CD3/CD28. These epitopes do not appear to be present in cells from normal subjects when the primary ultrafiltrate was prepared by freeze/thawing of PBMCs.
The results of our study on immune response of rheumatoid PBMC in cultures provide a reasonable explanation of impaired mixed lymphocyte reaction [15] which could be connected with the presence of pathogenic endosomal epitopes released by the APCs of the two rheumatoid cell populations used for this test.
Another considerable piece of support for these mechanisms of amelioration was provided by the positive therapeutic results obtained by subcutaneous injection of rheumatoid arthritis patients with both SFMC ultrafiltrate and primary medium-PBMC ultrafiltrate [16] . The former was much more effective than the latter.
The same pathogenic antigens, in this case released from necrotic cells of the livers of rheumatoid arthritis patients with infectious hepatitis, increased an immune-suppressive response in joints and all inflamed areas.
Considering the second step of the study (Fig. 1) , our results demonstrated that, in contrast to the immuneregulation response that we observed in cell cultures exposed to primary ultrafiltrate (containing free endosomal epitopes), an inflammatory response with an increase of CD69 occurred with secondary ultrafiltrate. This is the earliest inducible cell surface activation marker that is involved in lymphocyte proliferation.
The opposite results for expression of CD4+CD69+ (+47%) indicated that, in all likelihood, the response to secondary ultrafiltrate in culture involved a subset of CD4+ T cells other than those of the primary ultrafiltrate.
A possible explanation for the change in the immune responses of PBMCs in culture could be found by examining the various steps in the preparation of the secondary ultrafiltrates. During cell culture, epitopes contained in primary ultrafiltrates adhered to receptors and formed intermolecular connections on mononuclear cell membranes. The subsequent fragmentation of cells by freezing/thawing caused detachment in the form of selfepitope-receptor microcomplexes, which, when added to PBMC cultures, triggered an immune effector mechanism other than that of TREG cells.
Similar to the in vitro results, the inflammatory disruption of the mononuclear cells could favor the formation of microcomplexes that activate autoreactive T lymphocytes via T cell receptors, resulting in amplification of the inflammatory immune response. According to this hypothesis, the post-partum flare-up of the disease could be due to the sudden interruption of endogenous immunotherapy at delivery, after a period of 8 months or longer of gestation, and to the inflammatory response to microcomplexes released once the suppressive activity of free epitopes (from the decidua) is reduced.
Although microparticles have been described in systemic lupus erythematous [17, 18] , they appear to be unrelated to the microcomplexes described herein because they are too large (0.1-1.0 μm) to pass through 10 kDa cut-off ultrafilters.
Finally, in rheumatoid arthritis patients, self-epitopereceptor microcomplexes and pathogenic epitopes accumulate in the synovial fluid and in all the inflamed areas where both immunoregulatory and pro-inflammatory mechanisms could be active during all phases of RA. The former would prevail when endosomal pathogenic epitopes are abundant (particularly in the last stage of pregnancy, when they increase further). The latter, which activates autoreactive T lymphocytes, predominates when large numbers of molecular peptidic microcomplexes are present.
One limitation of this study was that none of the patients were affected by any of the aforementioned associated clinical conditions. We believe that this limitation might be overcome by the TREG cells always and specifically responding to the pathogenic epitopes of the underlying disease in the absence and the presence of pregnancy and infective hepatitis.
In addition, if other T cell subsets contribute to suppressive action, the results are not invalidated, because the aim of the study was to demonstrate the presence of undefined free autoantigens through this type of response by rheumatoid mononuclear cells in culture.
This study could help to define the range of the field when searching for a common denominator of these two conditions that can occur during the course of arthritis, pregnancy and infectious hepatitis, as advocated by PS Hench in 1938 [19] .
Conclusions
Amelioration of RA symptoms, as seen in pregnancy or hepatocellular jaundice, can be attributed to release of self-epitopes inducing expansion of TREG cells, providing an endogenous, antigen-specific autonomic immunotherapy. In the former condition, the epitopes are released from the maternal-fetal interface. In the latter, they are released by necrotic areas of diseased liver. Given the systemic nature of this disease, these pathogenic epitopes are found in all antigen presenting cells.
The flare-up of disease could be due to the sudden interruption of endogenous immunotherapy at delivery, after a period of 8 months or longer of gestation and to the inflammatory response to self-epitope-receptor microcomplexes that are recognized by autoreactive T cells.
The results of this study could help to define the range of the field when searching for the common denominator of these two conditions (pregnancy and infective hepatitis) that occur during the course of rheumatoid arthritis. Furthermore, they may stimulate research into the possible gradual development of a type of autonomic endogenous immunotherapy for patients affected by diseases (not primarily autoimmune) who develop immunity to unknown epitopes produced by necrotic processes. 
